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Description 

1 . Reld of the invention 

5 The present invention relates to a method of producing aluminum alloy sheet stock especially useful as 
can end materials for retort cans in which coffee, oolong tea and so forth are preserved. More particularly, 
the present invention relates to a method of producing hardened aluminum alloy sheets having good 
formability and high strength which are retained even after baking anticorrosive coating materials or the like, 
applied to the sheets, at 250 to 300 • C, without softening: 

10 

2, Description of the Prior Art 

When coffee, oolong tea and similar beverage are preserved in cans, the cans are subjected to a 
certain heat treatment for sterilizing, called "retort-heating" in which the cans are sterilized by heating in a 

75 sterilizer, called "a retort". In the present specification, the thus sterilized cans are merely termed "retort 
cahs". Since the retort cans contain therein materials which readily con-ode aluminum alloys, their interior 
surfaces are coated with organic polymer resin coatings having a high corrosion protection effect. As such 
polymer resin coatings, there are known various types of coatings, such as vinyl resin type, vinyl organosol 
type, epoxyamino type, epoxyphenol type, epoxyacryl type. etc. When a hardened strip or sheet is 

20 subjected to the coating operation, a coating material as set forth above is applied to the strip or sheet 
using an appropriate coating device, such as roll coater, etc., and heat-treated at 250 to 300 in a 
continuous furnace in order to obtain the properties required as a protective layer. 

The following procedures have heretofore been proposed for producing aluminum alloy sheet materials 
to be fabricated into can ends of retort beverage cans for coffee, oolong tea and the like. An aluminum alloy 

25 ingot is homogenized and hot-rolled to a thickness of 3 to 5 mm. Then, the hot-rolled aluminum alloy is 
fabricated into a hardened sheet having a thickness of 0.4 mm or less by the following steps, namely, 

(1) cold rolling, intermediate annealing at 300 to 450 and final cold rolling to a sheet thickness of 0.4 
mm or less; or 

(2) hot rolling to a sheet thickness of about 2 mm, optionally intermediate annealing at that thickness if 
30 necessary, and final cold rolling to a sheet thickness of 0.4 mm or less. 

As set forth above, aluminum alloy sheet materials for retort beverage can ends are coated with an 
organic polymer resin coating, using a roll coater or the like, and heated at a temperature of 250 to 300 • C 
in a continuous furnace for drying and baking the coating. When the foregoing conventional aluminum alloy 
sheet materials are subjected to such coating and baking operations, softening occurs in the sheet 

35 materials, thereby lowering the strength. Therefore, the conventional materials have great difficulties in 
reducing their wall thickness and any sufficient thickness reduction cannot be achieved while maintaining 
their strength at sufficient levels. 

EP-A-0 234 044 which also addresses the problem of "softening" discloses a process comprising the 
steps of homogenizing, hot and cold rolling an Al-alloy comprising 4-5.8% Mg, 0.2-0.9% Mn, 0.02-0.4% Cu 

40 balance Al plus incidental impurities. A similar process is disclosed in EP-A-0 413 907 which includes 
intermediate annealing at 350-500 • C between the cold rolling steps. 

SUMMARY OF THE INVENTION 

4S It is accordingly an object of the present invention to provide a method of producing a hardened 
aluminum alloy sheet having a very high thermal stability. 

With a view to solving the above-mentioned problems, the foregoing thermal stability required in the 
coating and baking stage has been improved by forming fine and uniform precipitates of Al-Mn compounds 
by addition of Mn or Mn and Cu with or without Si, Fe, Ti and B in combination with low temperature 

50 thermal treatments. Furttier, tiie sfrength and fomiability of the finished sheet product have been investi- 
gated in connection with the production procedures and, as a result, found that a hardened sheet having 
superior strength and formability can be obtained by introducing an additional cold rolling step and a 
recrystallizing heat-treating step during the production process. The present invention has been accom- 
plished on the basis of such investigation and finding. 

55 The present invention provides a method of producing a hardened aluminum alloy sheet having 
superior thermal stability, the method comprising the steps of: 

homogenizing an ingot of an aluminum alloy consisting of. in weight percentage. 3.0 to 6.0% Mg and 
0.4 to 0.8% Mn, with the balance being Al and incidental impurities: 
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hot rolling the homogenized ingot to a sheet; 

cold rolling the hot-rolled sheet at a rolling reduction of at least 20%; 

intermediate heat treating the cold-rolled sheet at 200 to 250 • C for one hour or more; and 

final cold rolling the intermediate heat-treated sheet at a reduction of at least 50%. 
5 In this process, the aluminum Ingot may further contain from 0.05 to 0.4% Cu with or without 0.05 to 
0.5% SI. 0.1 to 0.5% Fe, 0.01 to 0,05% Ti and 0.0001 to 0.0010% B. 

Further, the above homogenizing and hot rolling steps may be replaced by the steps of homogenizing, 
hot rolling the homogenized ingot to a sheet thickness of 2 to 6 mm, cold rolling the hot-rolled sheet and 
annealing the cold-rolled sheet for recrystallization. 

70 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The reasons for the limitations of the alloying elements and the processing conditions of the aluminum 
alloy according to the present invention will be described in detail hereinbelow. 
75 Mg: Mg is an main additive element of the aluminum alloy of the present invention and contributes to 
enhancement of the strength. Addition of Mg of less than 3.0% cannot provide the required strength level. 
When the addition exceeds 6%, cracking is apt to occur during hot rolling step. 

Mn: Mn is an essential additive element for improving the thermal stability. When the Mn addition is 
less than 0.4%. the effect cannot be sufficiently obtained. When the Mn addition exceeds 0.8%, the hot- 
20 rolling workability deteriorates and formation of coarse Al-Fe-Mn intermetallic compounds tends to occur 
during casting, thereby lowering the formability of the hardened sheet. 

Cu: Cu, like Mn, Improves the thermal stability. Especially, Cu forms fine precipitates during baking a 
coating material and, thereby, suppresses transfer of dislocations. A Cu addition exceeding 0.4% is 
unfavorable, since cracking occurs during hot rolling. On the other hand, when the addition is less than 
25 0.05%, the effects cannot be obtained. 

Si: Si forms compounds (MgaSi) in combination with Mg during baking and is effective for Increasing 
the strength of the material. However, Si is unfavorable for the formability of the material. In the present 
invention, the addition should be controlled to low levels, preferably in the range of 0.05 to 0.5%. In order to 
reduce the Si content below 0.05%, a high degree of purification is needed for an aluminum metal. Such a 
30 high purification process Is disadvantageous in view of cost. An addition of Si exceeding 0.5% leads to a 
deterioration of the formability. 

Fe: Fe fonms course compounds of Al-Fe-Mn during casting, thereby lowering the formability. In the 
present Invention, the Fe content Is desirably controlled to a low level, preferably In the rage of 0.1 to 0.5%. 
However, in order to suppress the Fe content below 0.1%, a starting aluminum metal should be highly 
35 purified. Such a high purification process increases the production cost. An excessive Fe content of more 
than 0.5% results in a deterioration of the formability. 

Ti: Ti has an effect of refining the cast structure and, thereby, effectively serves to Improve the rolling 
and forming properties of the hardened sheet. When the addition of Ti is less than 0.01%, the foregoing 
effect cannot be sufficiently obtained. When the addition of Ti exceeds 0.05%, Ti forms a coarse compound 
40 (T1B2) with B and Induces serious defects, such as pinholes. 

B: B. like Ti, has an effect of refining the cast structure. When the addition of B Is less than 0.0001%, 
the effect is insufficient. When the addition exceeds 0.0010%. B forms a coarse compound (TiB2) with Ti 
and brings about serious problems, such as pinholes. 

In practicing the prpduction process according to the present invention, the above-specified aluminum 
45 alloy is cast into an ingot in a conventional manner, and then subjected to a homogenizing treatment for the 
purpose of removal of segregation of solute atoms prior to hot rolling. The homogenizing treatment is 
usually performed at 480 to 530 • C for 3 to 10 hours. 

Hot-rolling is usually started by heating the ingot to about 500 *C and completed at a temperature 
(>280*C) higher than the recrystallization temperature. This hot-rolling step may be replaced by the 
50 following hot-rolling and cold-rolling steps followed by annealing for recrystallization. These steps are 
indicated by an asterisk mark O- 

Hot rolling*: 

55 The starting temperature should not exceed 530 ' C, because a too high starting temperature lowers the 
formability due to eutectic melting and formation of coarse recrystallized grains. A low starting temperature 
is desirable for the formability because finely recrystallized grains are formed. However, in this case, the 
productivity becomes too low and unacceptable for the Industrial scale production. Further, since such a too 
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10 



low starting temperature will also lower the finishing temperature, its lower limit is 400 -C. The hot rolling 
operation is preferably completed at a temperature of more than the crystallization temperature (280 'C) 
with a thin gauge. When the aluminum alloy material after the hot rolling has an uncrystallized structure or 
has a large sheet thickness, the earing ratio of the final sheet product will be unfavorably large. Further, 
when the hot-rolled sheet material is too thick, the productivity is industrially unacceptably low. Therefore' 
the material of the present Invention is hot-rolled to a thickness not exceeding 6 mm. On the other hand' 
when the material is hot rolled to a sheet thickness of less than 2 mm. the finishing temperature becomes 
unacceptably low and the rolling properties will deteriorate. Also, the earing ratio of the final sheet product 
becomes too large because of the presence of an unacceptably high percentage of uncrystallized phases. 

Cold rolling* and annealing for recrystallization': 

After the above-mentioned hot rolling to a sheet thickness of 2 to 6 mm. cold rolling and annealing for 
recrystallization are carried out. The earing ratio, strength and formability of the finished sheet product are 

16 greatly influenced by the total cold rolling reduction after this annealing step. The total cokJ rolling reduction 
(reduction rate in thickness) is at least 60% with the preferred range being 75 to 85%. An excessive cold 
rolling reduction of more than 95% leads to an Increased earing ratio and a poor formability in the finished 
sheet product. Therefore, the cold rolling following immediately after the hot rolling should be cam'ed out so 
as to obtain a certain predetermined thickness taking account of the foregoing total cold-rolling reduction 

20 The heat treatment for recrystallization is necessary to adjust the earing ratio, strength and formability etc 
of the finished sheet product. This heat treatment can be sufficiently performed by a box annealing process 
(or a batch-type annealing process) in which a material is maintained at 300 to 450 for 30 minutes or 
more: or by a continuous strip annealing process In which a coiled strip material is continuously rewound 
and passed through a continuous furnace in such a manner that the material is maintained at 400 to 530 • C 

25 for a penod of at least 5 seconds. Both annealing processes can be used without causing any substantial 
problem, although the latter annealing process provides a finer recrystallized stixicture and a more superior 
earing ratio as compared with the former annealing process. 
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CokJ rolling before intermediate heat treatment: 



After ttie foregoing hot rolling or ttie successive steps of the hot rolling, cold rolling and intermediate 
annealing for recrystallization. a cold rolling step witii a reduction of at least 20% is required in order to 
form uniformly fine precipitates of Al-Mn compounds during the subsequent intermediate heat treatinent 
Since a cold-rolling reduction of less than 20% cannot provide sufficient precipitation sites, unifomi 
3S precipitation cannot be achieved. 

Intennediate heat ta'eatment: 

In order to precipitate fine Al-Mn compounds among crystal grains, the heat treatment is carried out at 
a low temperature of 200 to 250- C for a period of at least one hour. When the temperature of this heat 
treatment is less than 200 -C. a longer heating time is required. Therefore, such a too low temperature is 
industrially disadvantageous. 

On ttie ottier hand, when the heating temperature exceeds 250 -C. recovery of dislocations, formed 
dunng the preceding cold rolling, takes place more rapidly tinan the precipitation of the Al-Mn compounds 
Therefore, precipitation sites for ttie Al-Mn compounds disappear and. as a result, uniform and fine 
precipitation cannot be achieved and any sufficient effect cannot be expected. 

When tiie holding temperature is in tf)e range of 200 to 250 -C. uniform and fine precipitates of the Al- 
Mn compounds can be obtained for a holding time of at least one hour. However, even if the holding time 
exceeds 24 hours, no further effect can be obtained. Therefore, such a too prolonged time is rather 
so disadvantageous from the industrial view point. 

Rnal cold rolling: 

This step has an effect of increasing the sti-ength as can end materials. When tiie cold rolling reduction 
ss is less than 50%, this effect cannot be obtained. However, a rolling reduction exceeding 93 75% 
unfavorably lowers ttie formability and the earing ratio of thie resultant can end stock material 
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Rnal heat treatment and coating: 

When the hardened sheet produced by the process as specified above is used for the fabrication of 
beverage can ends, coating of an anticon'osive paint, adhering of a polymer resin film, printing or the like is 
5 conducted on the sheet. 

if residual stress induced in the material by the preceding cold rolling operations is not uniform, heat 
treatments for drying or curing associated with the coating, adhering or printing will bring about serious 
warping and distortion in the sheet material. In order to avoid such problems, the cold-roiled hardened sheet 
may be heated to relieve the above-mentioned nonuniform residual stress. The heat-treatment for this 
70 purpose is preferably carried out at the same temperature level as the heating temperature of the foregoing 
heat treatments required for the coating or the like or at lower temperatures, that is, 300 • C or less, for 
example, at 150 to 200 • C, for a period of several hours. 

The heat treatment for stress relief can be performed in a continuous heating furnace used for a strip 
material. When drying, heat curing or similar heat treatment associated with coatings is carried out in the 
75 continuous heating furnace, while applying tension to the strip, such heat treatment is also useful as the 
stress-relieving heat-treatment. 

This invention will be illustrated in more detail with reference to examples. 

Example 1 

20 

Each of aluminum alloys having the compositions as shown in Table 1 was cast into an Ingot by a usual 
DC (direct chill) casting method. Each ingot was homogenized at 500 *C for 6 hours and hot-rolled to 
provide a 3.0 mm thick sheet in such a manner that the starting temperature was 480 • C and the finishing 
temperature was 300 • C. Thereafter, the hot-rolled sheet was subjected to cold rolling to a sheet thickness 

25 of 1 mm (rolling reduction: 66.7%). intermediate heat treatment and final cold rolling to a sheet thickness of 
0.3 mm (rolling reduction: 70%). The thus obtained cold-rolled materials were tested both in the as-cold- 
rolled state and after heating at a temperature of 300 'C, which is the highest temperature used in the 
baking stage of an anticorrosive coating, for a period of 20 seconds or after heating at a temperature of 
450 'C, which is the temperature for complete recrystallization, i.e., for full annealing, for a period of 30 

30 seconds. The respective materials were examined on precipitates formed therein as well as on their 
mechanical properties. Softening degrees were calculated from the yield strength values obtained from the 
tensile strength measurements, using the following equation. 

Softening degree (%) = 100 x (yield strength of the as-cold-rolled material - yield strength of the material 
35 heated at 300 * C) / (yield strength of the as-cold-rolled material - yield strength of the material heated at 

450 -C) 

The thus obtained softening degree was used to predict the possibility of softening of the material 
during the baking of the anticorrosive coating. The reason why the heating temperatures of 300 •€ and 
40 450^0 were employed is that these temperatures are the highest baking temperature for the coatings 
applied to the materials and the temperature to completely recrystallize the materials, respectively. In the 
present invention, the greater (at most 100%) the softening degree, the lower the thermal stability. In 
contrast to this, the smaller the softening degree, the better the thermal stability. The test results are shown 
in Table 1 
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Samples Nos. a1 - a4 of the present invention showed that most of the precipitates in crystal grains had 
a size of 0.05 urn or less. They had a tensile strength (yield strength measured after the thermal exposure 
to 300 •C for 20 seconds; the same shall apply hereinafter) of at least 270 MPa. Further, these inventive 
materials had a softening degree of not more than 54.9% so that they had a superior thermal stability. 
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On the other hand, No. a5 had a large softening degree of 61 .3% due to its inadequate Mn content of 
0.35% and had a poor thermal stability. 

Since No. a6 had insufficient l\^g and Mn contents. I.e., 2.7% Mg and 0.3% Mn, It showed a low tensile 
strength of 201 MPa and an insufficient thermal stability, i.e., a high softening degree of 64.1%. 
5 Samples Nos. a7 and a8. were subjected to cracking during hot rolling, because No. a7 had a high Cu 
content of 0.60% and No. aS had too high Mg and Mn contents, i.e., Mg 6.3% and Mn 0.82%, Therefore, 
the tests were halted. 

Example 2 

70 

Each of the materials numbered Nos. a1 and a3 as shown in Table 1 was cast into an ingot by the 
usual DC casting method, homogenized at 500 'C for 6 hours. Hot rolling was started at 480 'C and each 
material was hot-rolled to a sheet thickness of 4.0 mm. Then, each hot-rolled material was subjected to cold 
rolling, intermediate heat-treatment and finishing cold rolling under the conditions specified In Table 2 and 

75 Table 3. The conditions shown In Table 2 were employed to obtain materials according to the present 
invention and the conditions shown In Table 3 were employed to obtain comparative materials. The same 
tests as in described Example 1 were conducted for each sample of the thus obtained materials as well as 
measurements of Erichsen values. The test results are shown in Table 2 and Table 3. Samples Nos. a9 - 
a13 shown in Table 2 and Samples Nos. a16 to a20 were prepared from Sample No. a1 shown In Table 1 

20 and Sample Nos. a14 and a15 In Table 2 and a21 and a22 in Table 3 were prepared from Sample No. a3 in 
Table 1. 



Table 2 



Sample Cold rolling Intermediate Final cold 

30 No. reduction % heat- treatment rolling 

terop.C^'C) X time(hr) reduction % 



35 


a 9 


20 


200''C 


X 


8hr 


50 


alO 


50 


250'C 


X 


8hr 


70 




all 


SO 


230*C 


X 


8hr 


70 




a12 


75 


230*0 


X 


Shr 


60 


40 


a13 


50 


230'C 


X 


8hr 


50 




a14 


SO 


250'*C 


X 


8hr 


70 




a15 


20 


200'*C 


X 


Shr 


60 



45 



a9 - a15: Materials of the present invention 



7 



EP 0 506 100 B1 




O CO 

m in vo 



0> 




c 




-H 0) 


CO 


C 0) dp 




O M 


in 




in 


M-l Q) 




O -O 




CO 





o 

-H 

Id 

c 
o 

iH 



r-* in CO 



























iH 




in 


o in 




vo ^ 


•H 


c cu 




so ra 


vo 


CM 


CO 






m en 


^ 


tn CO 


c 


2 = 










01 














01 












J3 












4J 














in 


in CN 


o 


vo o 


•H 






\o vo 


m 


CO vo 




2=^ 








CM 


-H 


























01 











c o 



4J 4J 
Id 4J 0) 
0) C 0) 

6 

H 4J 0) 

Id (d vi 
c 0) o 

JQ 



o o 
a> o 

Q 0) 

o o 
CM m 

u a 

o o 

o o 
o m 
m 



I Id 



in 00 



^ in \o 



m 
in 



vo ^ GO 
r- CM 



0) 0) a> 

H 01 01 
H 

o o 

M CM cof 

0 o o| 

U o o 

1 o c 
01 o in 
Id cn 



<Tk vo 00 



^ in vo 



CM 



CM 

in 



vo in 00 



in <n ^ 
vo CM 
cn cn 



o o\ o 
m CO vo 

CM ^ 



0) o 0) 

H 01 0) 
H 

O o o 
CM m 

•a X XI 

0 o M 

Uo o 
t o c 

01 o in| 
Id m 



O vo 00 



m m vo 



vo 



m 
in 



in 

*— CM 



mom 
in CM 

^ 



<M 

r* vo 

CM T- 



to o 
o o 0> 

H CO 0) 
H 

O o o 
M CM m 

'O X x| 

0 a 

Uo o 

1 o c 
01 o m 
(d m 



CM 

cd 



O C** ON 



m m vo 



m 



m 00 

r- CM 



vo m cn 
^ vo CM 
cn cn 



a u 

0) 0) 0) 
«9 01 

b i 

M CM cn 
13 X X 

0 u a 

Ue o 

1 O o 
01 o m 
fd cn ^ 



cn 
Cd 



oo ^ m 



^ m vo 



m 



m 



^ m 

f— CM 



CM VO O 





CO o 


CO 


a\ o 




vo vo 


CO 


vo in 


cn 


CM 


cn 


CM 1- 



Q> 0) 0) 
H 01 01 

O o o 
M CM cn 

•O X X 

o a cH 

00 o 

1 o c 

09 o tm 
Id cn 



00 ^ m 



^ m vo 



m 



m 



vo m m 

T- CM 



VO m 
f- m o 
^ cn cn 



O CM 

vo m 
cn CM t- 



•O O O 

0) Q> 01 
H 01 01 
H 

O o o 
W CM cn 

•O X X 
H 

0 a o| 

Uo o 

1 O G 

09 o ml 
cd cn 



m 
cd 



8 



EP 0 506 100 B1 

Table 3 (Comparative Material) 



Sample 


Cold rolling 


Intermediate 


Final cold 


No. 


reduction 


heat treatment 


rolling 






temo.CC) X 


time 


(hr) reduction % 


a16 


10 


230 "C X 


Bhr 


70 


a17 


15 


230 'C X 


Shr 


70 


a18 


50 


300 'C X 


Bhr 


70 


a19 


50 


180 "C X 


Shr 


70 


a20 


75 


230 "C X 


Shr 


40 


a21 


10 


200 "C X 


Shr 


60 


a22 


30 


400 -C X 


Shr 


70 



25 



30 



3S 



40 



45 



SO 
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The Inventive materials numbered Nos. a9 - a15 had a tensile strength (yield strength measured after 
thermal exposure of 300 • C for 20 seconds; the same shall apply hereinafter) of at least 260 MPa and a 
good thermal stability because of their small softening degrees not exceeding 55.8%. 

On the other hand, the comparative materials of Nos. a16 and a17 showed an inferior thermal stability. 
i.e., a high softening degrees of 62.8% for No. a16 and 60.1% for a17. respectively, because they were 
cold-rolled at insufficient rolling reductions of 10% (No. a16) and 15% (No. a17) before the intermediate 
heat treatment. 

Since No. a18 was subjected to a high-temperature intermediate annealing at 300 'C. it had a large 
softening degree of 61.4% so that it had a poor thermal stability. 
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No. a19 had a large softening degree of 61.3% and showed a poor thermal stability because of a low 
intermediate annealing temperature of 180 • C. 

No. a20 had a large softening degree of 62.6% and exhibited a poor thermal stability, because of an 
insufficient final cold rolling reduction of 40%. 
5 No. a21 was cold-rolled at a low rolling reduction of 10% before the intermediate heat treatment and 
No. a22 was intermediate-annealed at a high temperature of 400 * C. Although these comparative samples 
were different in their composition from the other comparative samples, their softening degrees were large. 
Therefore, these samples also exhibited a poor thermal stability. 

10 Example 3 

An aluminum alloy No. b1 shown In Table 4 was cast by the usual DC casting and fabricated into a 
sheet under the processing conditions as specified in Table 5. In all of the processing conditions, 
homogenizing was carried out at 500 * C for 8 hours. The thus obtained cold-rolled materials were tested 
75 both in the as-cold-rolled condition and after heating at a temperature of 300 * C for a period of 20 seconds 
or after heating at a temperature of 480 • C for a period of 30 seconds. The heating temperatures of 300 • C 
and 480 * C were employed for the same reason as described in Example 1 . The softening degrees of the 
respective materials were obtained in the same way as set forth in Example 1 and were evaluated similarly 
to Example 1 . 

20 The test results are shown in Table 6. The earing percentages at 45 * in four directions were measured 
at a blank diameter of 55 mm, using a flat bottom punch having a diameter of 33 mm. 

Table 4 



Chemical composition (wt.%) 


Sample No. 


Mg 


Mn 


Cu 


Si 


Fe 


Ti 


B 


AI 


b1 


4.7 


0.45 


0.14 


0.13 


0.28 


0.03 


0.0002 


bal. 
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The material of the present invention had a yield strength of not less than 290 MPa after the heat 
treatment at 300 •C and an excellent thermal stability, i.e., a small softening degree not exceeding 50%. 



13 



EP 0 506 100 B1 



The comparative materials had the following disadvantages: 

Materials F and J provided softening degrees of not smaller than 50%. because the rolling reductions 
just before the intermediate heat treatment were small. A materia! G resulted in a large earing percentage of 
not less than 6%, because the finishing sheet thickness of the hot rolling stage was large. A material H had 
5 a softening degree of more than 50%, because the temperature of the intermediate heat treatment was too 
high. A material I had a earing percentage of not less than 6%. because the temperature of the hot rolling 
was too low. The yield strength of a material K was only 250 MPa after the treatment at 300 and the 
softening degree was not less than 50%. 

70 Example 4 

Each of aluminum alloys having the compositions as listed in Table 7 was cast into an ingot by the 
usual DC casting process, homogenized at 500 • C for 8 hours and hot-rolled to provide a 3.2 mm thick 
sheet in such a manner that tiie starting temperature was 480^0 and tiie finishing temperature was 320 -C. 

75 Subsequently, ihe hot-rolled sheet was cold-rolled to a 2.0 mm thick sheet. The cold-rolled sheet was then 
subjected to an annealing treatment for recrystallization Including heating up at a heating rate of 20 to 
50*C/hour, holding at 350 ± 10- C for 2 hours and air-cooling. Subsequentiy, the annealed sheet was 
subjected to cold rolling to a sheet thickness of 1.0 mm (rolling reduction of 50%). intermediate heat 
ti-eatment at 200 -C for 10 hours and final cold rolling to a sheet tfiickness of 0.25 mm (rolling reduction of 

20 75%). 

The thus obtained cold-rolled materials were tested in the same way as described in Example 3. The 
test results are given in Table 8. 

Table 7 

2S 



30 







Chemical composition (wt.%) 


Sample No. 


Mg 


Mn 


Cu 


SI 


Fe 


Ti 


B 


Al 


b2 


4.8 


0.46 


0.13 


0.12 


0.30 


0.03 


0.0003 


Bal. 


b3 


4.0 


0.65 


0.30 


0.35 


0.20 


0.03 


0.0003 


Sal. 


b4 


5.6 


0.42 


0.08 


0.20 


0.42 


0.02 


0.0002 


Bal. 


b5 


3.2 


0.73 


0.06 


0.08 


0.15 


0.02 


0.0003 


Bal. 


be 


4.4 


0.55 


0.06 


0.56 


0.70 


0.02 


0.0002 


Bal. 


b7 


5.0 


0.32 


0.03 


0.20 


0.25 


0.03 


0.0003 


Bal. 


b8 


4.5 


0.90 


0.45 


0.15 


0.30 


0.01 


0.0001 


Bal. 


b9 


2.5 


0.35 


0.15 


0.20 


0.35 


0.01 


0.0001 


Bal. 


b10 


4.9 


0.50 


0.05 


0.20 


0.35 


0.15 


0.0040 


Bal. 


b2 - b5: Materials of the Invention 












b6 - b10: Comparative Materia! 
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The materials of the present invention had a yield strength of not less than 280 MPa even after the 
thermal exposure to 300 • C and a low softening degree of not less than 50% so that they had an excellent 
thermal stability. 

The comparative materials had the following disadvantages. 

Since No. b6 contained excess Fe and Si, it had somewhat low elongation and Erichsen values and was 
inferior to the materials of the present invention in yield strength after the heat treatment at 300 and 
softening degree. 

No. b7 had a high softening degree because of its inadequate Mn content. 

No. b8 had too large Mn and Cu contents and cracking occurred during the hot-rolling step. Therefore, 
the subsequent tests were halted. 

Since No. b9 contained Ti and B in insufficient amounts, it had a low yield strength after the heat 
treatment at 300 • C and its softening degree was highest. 
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Since the Ti content and B content of No. blO were both excessive, a coarse TiB2 compound was 
formed and pinholes (through holes) were observed in the final cold-rolled sheet product. 

As described above, the aluminum alloy sheet material of the present invention intended for use in can 
ends of beverage cans for coffee, oolong tea or the like can be successfully coated with an anticon-osive 
coating material or the like and baked without any substantial strength loss. Accordingly, a high-strength 
coated sheet can be obtained. 

Further, in the present invention, thickness reduction is possible and hardened materials having good 
formability can be obtained. 

Claims 

1. A method of producing a hardened aluminum alloy sheet having superior thermal stability, the method 
comprising the steps of: 

homogenizing an ingot of an aluminum alloy consisting of, in weight percentage. 3.0 to 6.0% Mg 
and 0.4 to 0.8% Mn. with the balance being Al and incidental Impurities; 
hot rolling the homogenized ingot to a sheet; 

cold rolling the hot-rolled sheet at a rolling reduction of at least 20%; 

intermediate heat treating the cold-rolled sheet at 200 to 250 • C for one hour or more; and 

final cold rolling the intermediate heat-treated sheet at a reduction of at least 50%. 

2. A method of producing a hardened aluminum alloy sheet having superior tiiermal stability, the method 
comprising the steps of: 

homogenizing an ingot of an aluminum alloy consisting of, in weight percentage, 3.0 to 6.0% Mg 
and 0.4 to 0.8% Mn, with the balance being Al and Incidental Impurities; 
hot rolling the homogenized ingot to a sheet thickness of 2 to 6 mm; 
cold rolling the hot-rolled sheet followed by annealing for recrystallization; 
cold rolling the annealed sheet at a rolling reduction of at least 20%; 
intermediate heat treating ihe cold-roiled sheet at 200 to 250 • C for one hour or more; and 
final cold rolling the intemnediate heat-treated sheet at a reduction of at least 50%. 

3. A method of producing a hardened aluminium alloy sheet having superior thermal stability, according to 
claim 1 wherein the ingot of an aluminium alloy additionally comprises 0.05 to 0.4 % Cu, at the 
expense of the balance Al 

4- A method of producing a hardened aluminium alloy sheet having thenmal stability, according to claim 1 , 
wherein the ingot of an aluminium alloy consists of, In weight percentage. 3.0 to 6.0 % Mg. 0.4 to 0.8 
% Mn. 0.05 to 0.4 % Cu. 0.05 to 0.5 % SI. 0.1 to 0.5 % Fe, 0.01 to 0.05 % Ti and 0.0001 to 0.0010 % 
B, with the balance being Al and incidental Impurities. 

5. A method of producing a hardened aluminum alloy sheet having superior thermal stability according to 
claim 2, wherein the ingot of an aluminum alloy additionally comprises 0.05 to 0.4 % Cu, at the 
expense of tiie balance Al. 

6. A method of producing a hardened aluminum alloy sheet having superior thermal stability according to 
claim 2, wherein the ingot of an aluminum alloy consists of. in weight percentage. 3.0 to 6.0 % Mg. 0.4 
to 0.8 % Mn. 0.05 to 0.4 % Cu, 0.05 to 0.5 Si, 0.1 to 0.5 % Fe, 0.01 to 0.05 % Ti and 0.0001 to 0.0010 
% B, witfi tiie balance being Al and incidental impurities. 

7. A method as claimed in claims 1 arid 3 to 4 in which a heat treatment was carried out at temperature of 
not more tiian 300 • C after the final cold rolling. 

8. A method as claimed in claims 2 and 5 to 6 in which a heat treatment was carried out at temperature of 
not more than 300 • C after the final cold rolling. 

Patentanspruche 

1. Verfahren zur Herstellung eines geharteten Blechs aus Aluminiumlegierung mit sehr guter thermischer 
Stabilitat, bei dem man 
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einen Barren einer Aluminiumleglerung, die aus 3,0 bis 6 Gew.-% Mg und 0.4 bis 0,8 Gew.-% und 
ansonsten aus AI und nebensachlichen Verunreinlgungen besteht homogenisiert; 
den homogenlsierten Barren zu einem Blech heiS walzt; 

das helBgewalzte Blech mit einer Walzverringerung von mindestens 20 % kalt walzt; 
5 das kaltgewalzte Blech zwischendurch eine Stunde oder ISnger be! 200 bis 250 warmebehandelt 
und 

das zwischendurch warmebehandelte Blech bei einer Verringerung von mindestens 50 % endgUItig kalt 
walzt. 

JO 2. Verfahren zur Herstellung eines geharteten Blechs aus Alumlniumlegierung mit sehr guter WSrmestabi- 
litat, bei dem man 

einen Banren einer Alumlniumlegierung, die aus 3,0 bis 6 Gew,-% Mg und 0.4 bis 0,8 Gew.-% und 
ansonsten aus AI und nebensachlichen Verunreinlgungen besteht homogenisiert; 
den homogenlsierten Barren zu einem Blech mit einer Dicke von 2 bis 6 mm heiB walzt; 
75 das heiBgewalzte Blech kalt walzt und anschlleBend zur Umkristallisierung glOht; 
das gegiahte Blech mit einer Walzverringerung von mindestens 20 % kalt walzt; 

das kaltgewalzte Blech zwischendurch eine Stunde oder langer bei 200 bis 250 • C warmebehandelt 
und 

das zwischendurch warmebehandelte Blech bei einer Verringerung von mindestens 50 % endgQItig kalt 
20 walzt. 

3. Verfahren zur Herstellung eines Blechs aus geharteter Alumlniumlegierung mit sehr guter thermischer 
StabllitMt gemMB Anspruch 1, bei dem der Barren aus einer Alumlniumlegierung zusStzllch 0,05 bis 0,4 
% Cu enthMIt und der Al-Gehalt sich entsprechend vem'ngert. 

25 

4. Verfahren zur Herstellung eines gehMrteten Blechs aus Aluminiumleglerung mit sehr guter thermischer 
Stabilltat nach Anspruch 1, bei dem der Barren aus einer Alumlniumlegierung aus 3,0 bis 6.0 Gew.-% 
Mg, 0.4 bis 0,8 Gew.-% Mn, 0.05 bis 0.4 Gew.-% Cu, 0,05 bis 0.5 Gew.-% SI. 0.1 bis 0,5 Gew.-% Fe, 
0,01 bis 0.05 Gew.-% Ti und 0,0001 bis 0.0010 Gew.-% B und ansonsten aus AI und nebensSchlichen 

30 Verunreinlgungen besteht. 

5. Verfahren zur Herstellung eines geharteten Blechs aus Aluminiumleglerung mit sehr guter thennischer 
Stabilltat nach Anspruch 2, bei dem der Ban-en aus einer Aluminiumleglerung zusatzlich 0,05 bis 0.4 % 
Kupfer besteht und der Antell an AI sich entsprechend verringert. 

35 

6. Verfahren zur Herstellung eines gehSrteten Blechs aus Alumlniumlegierung mit sehr guter thermischer 
Stabilitat nach Anspruch 2, bei dem der Barren aus einer Aluminiumleglerung aus 3.0 bis 6.0 Gew.-% 
Mg, 0.4 bis 0.8 Gew.-% Mn. 0,05 bis 0.4 Gew.-% Cu. 0,05 bis 0,5 Gew.-% Si. 0.1 bis 0,5 Gew.-% Fe, 
0,01 bis 0,05 Gew..% TI und 0.0001 bis 0.0010 Gew.-% B und ansonsten aus AI und nebensMchlichen 

40 Verunreinlgungen besteht. 

7. Verfahren nach den AnsprOchen 1 und 3 bis 4, bei dem nach dem endgQItlgen Kaltwalzen eine 
Warmebehandlung bei einer Temperatur von nicht mehr als 300 • 0 durchgefOhrt wird. 

45 a Verfahren nach den AnsprUchen 2 und 5 bis 6. bei dem nach dem endgOltigen Kaltwalzen eine 
Warmebehandlung bei einer Temperatur von nicht mehr als 300 • C durchgefOhrt wird. 

Revendlcatlons 

50 1. Proc6d6 pour produire une feuille en alliage d'aluminium dure! ayant une stability thermique supSrieure. 
le precede comportant les etapes suivantes : 

homogeneisatlon d'un lingot en alliage d*alumlnium comprenant. en pourcentages en poids, entre 
3.0 et 6,0 % de Mg et entre 0,4 et 0.8 % de Mn, le reste etant constitu^ par de I'AI et des impuretis 
accidentetles ; 

55 laminage a chaud du lingot homogeneise pour en faire une feuille ; 

laminage a froid de la feuille laminee a chaud avec une reduction de laminage d'au moins 20 % : 
traitement thermique interm§diaire de la feuille laminee a froid a une temperature comprise entre 
200 et 250 • C pendant une heure ou davantage ; et 
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laminage k froid final de la feuille ayant subi un traitement thermlque intermediaire. avec une 
reduction d'au moins 50 %. 

Proc666 pour produire une feuille en alliage d'alunninium dure! ayant une stability thenmique supdrieure. 
le proced6 comportant las 6tapes suivantes : 

homog^neisation d'un lingot d*alliage d*aluminium comprenant. en pourcentages en polds. entre 
3,0 et 6.0 % de Mg et entre 0,4 et 0.8 % de Mn, le reste 6tant de I'AI et des impuretSs accidentelles ; 

laminage a chaud du lingot homogen^ise pour en faire une feuille ayant une 6paisseur comprise 
entre 2 et 6 mm ; 

laminage h froid de la feuille laminae k chaud, suivi par un recuit effectud pour obtenir une 
recristallisation ; 

laminage & froid de la feuille reculte avec une reduction de laminage d'au moins 20 % ; 

traitement thermique Intermediaire de la feuille laminee h froid h une temperature comprise entre 
200 et 250 * C pendant une heure ou davantage; et 

laminage h froid final de la feuille ayant subi un traitement thermique intermediaire, avec une 
reduction d'au moins 50 %. 

Proc^de pour produire une feuille en alliage d'aluminium durcl ayant une stability thermique sup^rieure. ' 
selon la revendlcation 1 , dans lequel le lingot en alliage d'aluminium comporte de plus entre 0,05 et 0,4 
% de Cu, le reste etant de I'AI. 

Precede pour produire une feuille en alliage d'alumlnium durci ayant une stability thermique sup§rieure, 
selon la revendlcation 1, dans lequel le lingot en alliage d'aluminium comprend, en pourcentages en 
polds, entre 3,0 et 6.0 % de Mg, entre 0.4 et 0.8 % de Mn. entre 0.05 et 0,4 % de Cu. entre 0.05 et 0,5 
% de si, entre 0,1 et 0,5 % de Fe, entre 0.01 et 0,05 % de Ti et entre 0.0001 et 0.0010 % de B. le 
reste etant de TAI et des impuretSs accidentelles. 

Proc6d6 pour produire une feuille en alliage d'aluminium durci ayant une stability thermique superieure 
selon la revendlcation 2. dans lequel le lingot en alliage d'aluminium comporte de plus entre 0,05 et 0,4 
% de Cu. le reste etant de TAI. 

ProcedS pour produire une feuille en alliage d'aluminium durci ayant une stability thermique superieure 
selon la revendlcation 2. dans lequel le lingot en alliage d'aluminium comprend, en pourcentages en 
poids. entre 3.0 et 6.0 % de Mg, entre 0.4 et 0.8 % de Mn, entre 0,05 et 0.4 % de Cu, entre 0,05 et 0,5 
% de Si, entre 0,1 et 0.5 % de Fe, entre 0,01 et 0,05 % de Ti et entre 0,0001 et 0,0010 % de B, le 
reste etaht de I'AI et des impuretSs accidentelles. 

Precede selon les revendications 1 et 3 ^ 4, dans lequel un traitement thermique a ete effectue k une 
temperature ne depassant pas 300 * C apits le laminage k froid final. 

Precede selon les revendications 2 et 5 ^ 6, dans lequel un traitement thermique a ete effectue h une 
temperature ne depassant pas 300* 0 apr&s le laminage a froid final. 
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